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Abstract 
Carbon dioxide sequestration using brines has emerged as a promising option to mitigate the 
adverse impacts of climate change due to its large storage capacity and favourable chemistries. This 
study aims to improve our understanding of brine composition and pH on the CO2-brine reactions. 
Four synthetic brines were prepared. pH stability studies and high temperature/high pressure 
carbonation experiments (75°C,1500 psi) and (150°C,1500psi) with the addition of 1.0M KOH 
were performed using brines with Ba and Sr. Unlike the effect of Fe reported previously, Ba or Sr 
does not seem contribute to any pH instability. One borate buffer (pH=9.2) and two phosphoric 
buffers (pH=11 and 12) were selected to buffer brine pH over time. The borate buffer solution could 
be optimal to promote carbonation reactions. However, the phosphoric buffers chosen in this study 
are not suitable for carbonation in brines due to their weak buffering ability.  
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1. Introduction 
One approach to reduce carbon dioxide (CO2) emissions is carbon capture and storage (CCS), 
where the CO2 is captured from large emission sources and subsequently injected into deep 
geological formations. Saline aquifers are one of the most promising geological carbon storage 
options due to their large storage capacity [1]. It has been reported that brine composition and brine 
pH affect the CO2-brine reaction significantly [2]. Therefore, the overall aim of this study is to 
further understand CO2-brine reactions in terms of brine composition, and to investigate what buffer 
solutions would have a positive effect on the brine pH over time. Druckenmiller and Maroto-
Valer’s study [3] suggested that iron could lead to pH instability in CO2-brine sequestration. 
However, other main cations in brines may also affect the stability of brine pH. Thus, the effect of 
Ba and Sr on brine pH was investigated in this study. 
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Previous research indicated that carbonation conversion rates are mostly dependent on brine 
pH compared to temperature and pressure conditions [4]. The precipitation of carbonate minerals is 
favoured over a basic pH of 9.0 because of the availability of carbonate ions [3].  However, brine 
pH will drop to acidic values once CO2 is injected into the brine. Therefore, there is a need to rise 
brine pH close to 9.0 and maintain it to accelerate the formation of carbonate minerals. A buffer 
solution (1.0M NaCl and 0.6M NaHCO3 mixture) was selected in previous study to buffer brine pH 
[5]. NaCl/ NaHCO3 buffer solution was proven to promote carbonate reactions considerably. 
However, the origin of CO3
2-
 which reacted with Ca
2+
 and Sr
2+
 throughout the course of the CO2-
buffer-brine reaction is not clear at this stage. Other buffer solutions (pH>9.0) which do contain 
neither bicarbonate ion nor carbonate ion should be studied. Therefore, three buffers solutions were 
chosen here to conduct the pH stability studies. 
 
2. Methodology  
Liu and Maroto-Valer’s study (2010) [5] showed that synthetic bines can be used as analogues 
to natural brines for carbon sequestration. Therefore, synthetic brines were used in this study. Four 
synthetic brines were prepared in this study, B1 (with Ba/without Sr), B2 (with Sr/without Ba), B3 
(without Ba and Sr) and B4 (with all main ions). In order to compare with Druckenmiller and 
Maroto-Valer’s work [3], the ion target concentrations selected here were identical to their study. A 
procedure for the preparation of synthetic brines has been developed by the authors and previously 
reported [5].  
 
In order to investigate the effect of brine compositions (Ba and Sr) on carbon sequestration, pH 
stability studies and carbonation experiments were conducted using B1, B2 and B3 with 1.0M KOH, 
respectively. pH stability studies were run at ambient temperature and pressure in open atmosphere. 
Brine pH was adjusted to an initial pH of 9.0 by adding KOH solution. A 300 ml Parr mini bench 
top reactor (model series 4566) was used to conduct the carbonation experiments under high 
temperature/high pressure (75°C,1500 psi) and (150°C,1500psi), which were the same conditions 
selected in Druckenmiller and Maroto-Valer’s (2005) [3]. Table 1 summarises the details of the 
carbonation studies using B1, B2 and B3.   
 
       Table 1 Experimental conditions used for the carbonation reactions of B1, B2 and B3 
 
 
 
 
 
 
 
 
 
 
 
 
pH stability studies were conducted with three different buffer solutions, namely Bf 1(67.00% 
Na2B4O7 /33.00% NaCl, pH=9.2), Bf 2(50.00ml 0.1M Na2HPO4/8.26ml 0.1M NaOH /41.74ml H2O, 
pH=11) and Bf 3(50.00ml 0.1M Na2HPO4/43.20ml 0.1M NaOH /6.80ml H2O, pH=12) using the 
synthetic brine B4 at ambient temperature and pressure in both closed and open atmospheres (12-
15days) to assess their buffering ability. Closed atmosphere studies would indicate primary 
influence of the buffer in changing brine pH, while the open atmosphere studies are necessary to 
Carbonation 
Expt. No. 
Synthetic 
Brines 
 
Vol. Temp o C 
Pressure 
psi 
B1RT1 B 1 150 ml 75 1500 
B1RT2 B 1  150 ml 150 1500 
B2RT1 B 2 150 ml 75 1500 
B2RT2 B 2 150 ml 150 1500 
B3RT1 B 3 150 ml 75 1500 
B3RT2 B 3 150 ml 150 1500 
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provide insight on how atmospheric CO2 can affect the brine pH. Brine pH was adjusted to 9.0 by 
adding buffers Bf 1, Bf 2 and Bf 3 prior to pH stability studies. Measurements were stopped when 
the pH was stable around ±0.2 continuously for three days. For each experiment, 50ml of the brine 
solution was put into a 250ml conical flask. The brine solution was mixed effectively and 
continuously throughout the experiment by using a magnetic stirrer. 
3. Results and discussion   
pH stability studies were conducted using the synthetic brines B1, B2 and B3 with KOH until 
brine pH stabilized. Figure 1 shows the results of pH stability studies with 1.0M KOH in open 
atmosphere over 12 days. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
                                
 
From Figure 1, it can be observed that the pH of all three brines were unstable at the high 
values and fell off quickly to around 6.5 in the first day. Then brine pH decreased gradually and was 
stable at around 6.0. The trend of brine pH variation was similar in all the three cases. Therefore, 
the results obtained in this study proved that Ba or Sr does not contribute to any pH instability, in 
contrast with previous work reported on Fe. 
 
Six carbonation experiments were conducted using B1, B2 and B3 with 1.0M KOH at 1500 psi 
and either 75°C or 150°C. The pH value was measured five times for each experiment: initially 
before adding the buffer, after adding the buffer and then during the carbonation experiments the 
pH was recorded three times (ten minutes after start of the experiment, ten minutes before end of 
experiment and after shut down of the reactor). The duration of the carbonation experiments was 
one day. Table 2 shows the results of the high temperature/high pressure carbonation experiments, 
which have no significant difference with Druckenmiller and Maroto-Valer’s study [3]. It can be 
seen that the variation of brine pH during carbonation experiments was similar for the three brines. 
The higher pressure experiments resulted in the higher final brine pH. Therefore, it further 
confirmed that Ba or Sr has no effect on the brine pH during carbonation. 
 
                        
Figure 1  pH stability studies of B1, B2 and B3 with 1.0M KOH 
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Table 2 Carbonation reactions and pH values measured 
 
 
Figure 2 shows the results of the pH stability studies with Bf 1, Bf 2 and Bf 3 in both closed 
and open atmospheres over time. The pH study with Bf 1 (115ml) was adjusted over 9.0 initially, 
and then it decreased gradually to 8.5 in closed atmosphere and was finally stable at 8.1 in open 
system after 15 days. However, the initial brine pH could not be adjusted up to 9.0 even after 150ml 
buffer Bf 2 or Bf 3 was added. The pH stability study with Bf 2 started at 7.4 and declined to 6.2 in 
the closed system, and it finally stabilised at 5.6. For the case of buffer Bf 3, the brine also dropped 
from 7.6 to 6.7 after 15 days. CO3
-
 dominates in these pH ranges of the carbonation system in 
seawater[4]. Therefore, both buffer solution Bf 2 and Bf 3 have not strong buffering ability to 
maintain brine at the favoured pH (>9.0) for carbonation experiments. Carbonation experiments 
simulating above-ground and underground conditions are being conducted using buffer Bf 1 to 
further understand the role of this buffer in adjusting the pH.   
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
           
             
                           
 
 
 
    
Reactor 
Expt 
No. 
Temp. 
o C 
Pressure 
psi 
Initial 
pH 
of 
brine 
pH 
measured 
after 
buffer 
addition 
pH 
measured 
after 
start of 
expt 
pH 
measured 
before 
end of 
expt 
Final pH 
measured 
after end 
of expt 
B1RT1 150 1500 5.89 9.06 4.55 4.63 4.85 
B1RT2 75 1500 5.90 9.03 4.62 4.30 4.49 
B2RT1 150 1500 5.92 9.05 4.58 4.59 4.75 
B2RT2 75 1500 5.95 9.02 4.61 4.58 4.52 
B3RT1 150 1500 5.96 9.01 4.69 4.47 4.90 
B3RT2 75 1500 5.95 9.03 4.80 4.68 4.87 
Figure 2 pH stability studies with Bf 1, Bf 2 and Bf 3 
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4. Conclusions 
In summary, this study aimed to investigate the effect of brine composition and pH buffer in 
CO2-brine sequestration. Unlike the influence of Fe in Druckenmiller and Maroto-Valer’s study [3], 
Ba or Sr does not seem to contribute to any pH instability. The borate buffer (Bf 1) could be optimal 
to promote carbonation reaction, while phosphoric buffers (Bf 2 and Bf 3) are not suitable for 
carbonation due to their weak buffering ability in brines. 
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